The green bacterial cellulose (BC)-based hydrogel materials have successfully prepared by modification and crosslink BC. BC was derived from acetic acid bacteria isolated and selected from ripe fruits. The production of BC was performed by fermentation in various media. It was found that using liquid potato medium represented the highest thickness of BC film (0.80 cm) with 2 wt% solid content covered the media. To reduce the crystallization of BC, carboxyl group was introduced into BC chains using a carboxymethylation reaction giving carboxymethyl BC (CMBC) and subsequently crosslinked with divinyl sulfone (DVS). The extent of crosslinking influenced on the swelling properties of the hydrogels. Using large DVS amounts (>30 wt%-of CMBC), dense macromolecular network with less capacity spaces in the hydrogel was formed. The maximum water retention value of green hydrogels containing ~3.0 mmol carboxyl groups/g CMBC reached 27 (g/g).
fluids and blood solutions 2, 3 . Normally, the polymer chains are crosslinked via either physical or chemical crosslinking as Van der Waals interaction or covalent bond, respectively. Due to hydrophilic properties of hydrogel with high sorption capacity, they have been extensively used in various applications such as personal care products 4, 5 , agriculture 6, 7 , foods 8, 9 , and biomedical applications 3, 10 . Usually, polymerbased hydrogel materials are polyelectrolytes such as crosslinked poly(sodium acrylate), polyacrylamide and their copolymers 4, 7, 11, 12 . They are produced by either solution polymerization of partially neutralized acrylic acid or suspension polymerization to form a gel. However, polyelectrolytes are currently derived from petroleum products. Because of environmental issues, natural polymer-based hydrogels as renewable or biologically degradable polymers with lower toxicity than most synthetic polymers are currently interesting 13, 14 .
Most of cellulose-based hydrogel currently used are carboxyalkyl cellulose, gum, carboxyalkyl starch, cellulose sulphate, etc.
7,13 containing synthetic polymers, such as polyacrylates, sulfonated polystyrene, polyvinyl alcohol and etc. To increase water absorptivity, cellulose is normally crosslinked with various crosslinkers such as succinic anhydride through etherification reaction 15 and divinyl sulfone (DVS) 2, 16 . To the best of our knowledge, there is a few research of cellulose-based hydrogel production with high purity bacteria cellulose (BC).
Therefore, in this work, novel green hydrogel material using BC will be presented. The process is based on a chemical modification method for carboxymethylation of BC to generate carboxyl groups prior to crosslinked with DVS. The new preparation process, the properties of the obtained new hydrogel material and its potential application will be reported.
EXpERIMENTAL

Materials
Reagent grade sodium chloroacetate, hydroxyethyl cellulose (HEC), DVS were purchased from Sigma-Aldrich (Mississauga, Ontario, Canada). Sodium hydroxide, potassium hydroxide, propanol and ethanol were supplied by Thermo Fisher Scientific (Whitby, Ontario, Canada). All chemicals were used as received.
preparation of bacterial cellulose (BC)
Bacterial cellulose (BC) was microbially produced by an acetic acid bacterium, Acetobactor xylinum which isolated from ripe pineapple. The isolation and purification of A. xylinum was done by cross streak method. The bacteria were streak for several times until obtaining the single colony having clear zone onto a solid media (potato agar medium) which contains (%w/v): potato extract, peptone 1.0, yeast extract 1.0, D-glucose 0.5, glycerol 1.0, agar 1.5-1.7 and calcium carbonate 0.5. The selected colony of A. xylinum was then inoculated into 5 ml of potato medium broth without CaCO 3 at room temperature for 1-2 days in order to prepare the starter culture. Thereafter, the starter culture was then poured into various kinds of modified culture broths (1l) supplemented either with coconut, pineapple, or pineapple containing 1 wt% of glucose and potato medium which contain different carbon/ nitrogen (C/N) ratios (carbon and nitrogen sources are glucose, and yeast extract and peptone, respectively). The culture media were incubated statically at room temperature for 7 days. Finally, the BC film was formed on the top of each media. Thereafter, BC was purified by soaking in acetone for 2 h in triplicate before dried at room temperature. The dried BC was cut to be the small pieces (d = 1.0 mm).
preparation of carboxymethylated bacterial cellulose (CMBC)
Carboxymethylation of BC was carried out according to a previously described method 17 with some modifications. BC swollen with sodium hydroxide was firstly prepared by adding BC (5 wt% in final solution) into the mixture solution of sodium hydroxide: propanol: water (4:86:11 wt% ratio) at room temperature for 1 hour. Subsequently, sodium chloroacetic solution (50 wt%) was added to BC slurry for fourth of the slurry in a period of 30 minute. Thereafter, the mixture temperature was increased to 50°C for 4 h before stopping the reaction by the addition of 50 ml of anhydrous ethanol. The obtained CMBC was then filtered through a nylon cloth and dispersed in a methanol solution (70 wt%) with mild stirring rate. For the carboxyl group determination, the obtained CMBC solution was added by an aqueous solution of 0.5 M HCl until the pH of the solution mixture reached below 3 where CMBC salt was converted to the acid form (H-CMBC). To remove the excess acid and others impurities, the precipitated H-CMBC after filtration was washed with 70% ethanol for 3 times and then washed with anhydrous ethanol before dried. crosslinked gels (mmol/g-CMBC), V NaOH and M NaOH are the volume (ml) and concentration of the adding NaOH (mmol/ml), respectively, and DW is dried weight (g) of CMBC. Water Retention Value (WRV) of hydrogel was measured as a follow. The hydrogels were immersed in distilled water or 0.9 wt% NaCl aqueous (saline) solution. At each interval time, the swelling hydrogels were withdrawn from the mixture and weighed out after removing the excess liquid off the gel surface. WRV, a measure of the dynamic water absorption properties of the gel, was calculated (Eq. 2) as follows
W t is weight of wet gel at time t, and W d is weight of the hydrogel in dried state.
RESULTS ANd dISCUSSION
The BC was grown up covering the mediums with various C/N ratios. It was found that the thickness of the obtained BC were 0.4 cm, 0.4 cm, 0.4 cm, 0.45 cm and 0.80 cm for coconut, pineapple, pineapple with 1 wt% of glucose and potato mediums, respectively. Based on the highest thickness of BC, potato medium was then used as the optimum medium. In addition, the obtained BC film (as shown in the Fig. 1 ) represented high water retention as only 2 wt% of dried BC with 98 wt% of water in the obtained BC film. It is well known that basic structure of BC consists of β-1→4 glucan chains where they connected the other chains by both inter-and intra-hydrogen bonding 18 with high surface area and porosity 19, 20 . Therefore, BC can absorb large amount of water. However, after drying, the BC cannot re-absorb the water. To use BC as the hydrogel, the BC then needed to be modified. preparation of hydrogels from CMBC using dVS crosslinker CMBC and hydroxyethyl cellulose (HEC) were firstly mixed in the ratio of 3:1 at various total concentrations (1-6 wt%) excluding crosslinker. Thereafter, the cellulose solution was added by NaOH to obtain the alkaline solution at pH of 12.5 where the final concentration of NaOH was 0.02 M. The hydrogel was finally obtained by adding DVS (4 wt%) at 0 o C. The reagent amount of the hydrogel preparation using DVS as a crosslinker was shown in Table 1 . 
Characterizations
The chemical structure of CMBC was analyzed by Fourier Transform Infrared (FT-IR) spectrometer (Bruker Tensor 37, Bruker, Ettlingen, Germany) with PIKE miracle diamond attenuated total reflectance (ATR) accessory. The dried samples were placed directly on the ATR crystal. The carboxyl content of the CMBC was determined using a back titration method 17 with a pH meter/conductivity S470-KIT (Mettler-Toledo GmbH, Greifensee, Switzerland) titrator. A certain amount of 0.1 g of H-CMBC sample was dispersed in 30 g water with mild stirring rate until a well-disperse solution was formed. The pH of the dispersion was then adjusted to 3.5 with the addition of 0.1 M HCl. After the known amount (5 ml) of 0.1 M NaOH solution was added to the mixture, the excess NaOH was then back-titrated with standard HCl solution (0.01 M) using phenolphthalein as an indicator. The titration was repeated three times. The carboxyl content of CMBC was calculated by the following equation (Eq. 1)
[COOH] = (V NaOH x M NaOH -V HCl x M HCl )/DW (1)
Where [COOH] is carboxyl content of
To reduce hydrogen bonding strength connected between cellulose chains of BC, carboxyl group was introduced via carboxymethylation using chloroacetic acid. Due to NaOH reacts with some hydroxyl groups of BC and generates a strong nucleophile, most of the alkoxide ion in BC chains attacks the chloroacetate to obtain CMBC 21 . The mechanism of CMBC preparation was shown in Fig. 2 . FTIR spectra of BC and CMBC were shown in Fig. 3 . In the case of BC, the characteristic absorption peaks at ~3,300 cm -1 and ~2,900 cm -1 corresponded to the stretching vibration of OH group and C-H stretching vibration, respectively. All important absorption peaks presented in BC were obtained in the case of CMBC. However, much broad peak at 3,000-3,600 cm -1 was obtained in the case of CMBC which corresponded to OH stretching of carboxyl group. IIn addition, about 1,700 cm-1 corresponding to C=O stretching of acid (carboxyl group) could be observed only in CMBCThis indicated that carboxyl group was successfully introduced to BC chains. The amount of introduced carboxyl group into the cellulose chains could be obtained by a back titration. Before the measurement, the pH of the aqueous medium containing CMBC chains was adjusted to 3.5 to ensure that all carboxylate salts were changed to carboxyl groups. Based on the equation 1, 2.50-3.50 mmol/g-CMBC of carboxyl group in modified bacteria cellulose chain were obtained.
To obtain the hydrogel having stable structure and effective water swelling, CMBC chains were linked as 3D hydrophilic network via covalent bond using a commonly crosslinker as a DVS. DVS can connect both chains via hydroxyl group of cellulose as shown in Fig. 4 . It is well known that CMBC normally represents high crytallization structure. It seemed difficult to form intermolecular crossilnking. However, the solution of CMBC containing HEC could reduce intramolecular crosslinking and proceeded 3D hydrophilic network structure 2, 22 . In this work, the ratio of CMBC: HEC was fixed at 3:1 with the concentration range of total cellulose of 1-6 wt% where the DVS concentration was used at 4 wt% for all conditions (Run1-3). It was found that at 1 wt% of cellulose the hydrogel structure could not formed. It may be due to low CMBC content where it could not absorb any water. The WRV increased with the cellulose content as 3.6 and 8.7 g/g-hydrogel, respectively, for 2 (Run 2) and 6 wt% (Run 3). However, their WRV seems far from that (10.7 g/g-hydrogel) of hydrogel produced from wood (Run 4). After water absorption, the hydrogel obtained from CMC represented soft gel whereas quite hard gels were obtained from CMBC. It may be due to higher crytallization of CBMC than that of CMC. In addition, the obtained hydrogel from 2 wt% of CMBC was softer than that from 6 wt% and similar to the hydrogel produced from CMC. The low WRV of hydrogel produced from 2 wt% CMBC may be due to high crosslink density (200 wt% of total cellulose). Therefore, the crosslinker content was decreased as 15 (Run 5), 30 (Run 6) and 65 (Run 7) wt% of total cellulose. The water swollen CMBC hydrogel with various crosslink contents were represented in Fig. 5 . It was found that the WRV increased with crosslinker content as 24.1 and 26.6 g/g-hydrogel for 15 and 30 wt% of DVS. However, negative result was obtained with the other increases of crosslinker content as given 18.0 (Run 7) and 3.6 (Run 2) g/g-hydrogel for 65 and 200 wt% of DVS, respectively. The crosslink content was one of the most effective factors for BC hydrogel production. 
CONCLUSION
Green hydrogel from bacteria cellulose was successfully prepared in the first time. The total solid content of cellulose affected on the water retention value. In addition, WRV significantly depended on the amount of DVS. Based on high purity and highly-absorbent of the obtained hydrogel, it might find the new uses in high-value hygiene, food, agricultural and pharmaceutical products.
